Superoxide has been shown to be critically involved in several pathological manifestations of aging animals. In contrast, superoxide also can act as a signaling molecule to modulate signal transduction cascades required for hippocampal synaptic plasticity. Mitochondrial superoxide dismutase (SOD-2 or Mn-SOD) is a key antioxidant enzyme that scavenges superoxide. Thus, SOD-2 may not only prevent aging-related oxidative stress, but may also regulate redox signaling in young animals. We used transgenic mice overexpressing SOD-2 to study the role of mitochondrial superoxide in aging, synaptic plasticity, and memory-associated behavior. We found that overexpression of SOD-2 had no obvious effect on synaptic plasticity and memory formation in young mice, and could not rescue the age-related impairments in either synaptic plasticity or memory in old mice. However, SOD-2 overexpression did decrease mitochondrial superoxide in hippocampal neurons, and extended the lifespan of the mice. These findings increase our knowledge of the role of mitochondrial superoxide in physiological and pathological processes in the brain.
Introduction
Reactive oxygen species (ROS) include superoxide, hydrogen peroxide, hydroxyl radicals, and unstable intermediates derived from the peroxidation of lipids. ROS have been shown to play important roles as both cellular messenger molecules in physiological events, such as activity-dependent synaptic plasticity and memory (Droge, 2002; Forman, Torres, & Fukuto, 2002; Martindale & Holbrook, 2002; Oury, Card, & Klann, 1999; Stone & Yang, 2006) , and toxic molecules in pathological events, such as ischemia, brain injury, and age-related cell damage (Esposito, Ammendola, Faraonio, Russo, & Cimino, 2004; Finkel & Holbrook, 2000; Fukagawa, 1999; Pratico, 2002) . Thus, ROS can be both beneficial and deleterious to neuronal function, with the balance between ROS and antioxidants critical for maintaining normal neuronal function.
Superoxide dismutases (SODs) are a class of oxidoreductases that remove superoxide from organisms by catalyzing the dismutation of the superoxide radical to hydrogen peroxide. The resulting hydrogen peroxide is metabolized to molecular oxygen and water by either catalase or glutathione peroxidase (Fridovich, 1995; Marklund, 
